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Abstract: The method was established for the nine strobilurin fungicides in vegetables by using QUEChERS method. The
samples were extracted with acetonitrile and purified with n-propyl-ethylenediamine (PSA), C,; and graphitized carbon
black (GCB) by orthogonal test. Using 0.05% formic acid water and 0.05%formic acid acetonitrile as mobile phase gradient
elution, the target compounds were separated by Shimadzu shim pack C,4 column (2.1 mmx>50 mm, 2 pm) and determined
in positive ion mode. The linear relationship of 9 strobilurin fungicides was good in the range of 1~100 ng/mL, the
coefficient of determination was between 0.9942~0.9995. The LOD was 0.05~0.3 pg/kg and the LOQ was 0.2~0.9 pg/kg.
At the levels of 2, 10 and 20 pg /kg, the recovery rates of the five vegetables were 77.26%~111.73%, and the relative
standard deviation was 0.46%~6.59%. The method is accurate, rapid, convenient and sensitive, which can meet the

requirements of trace detection of nine strobilurin fungicides in vegetables.
Key words: ultra-high performance liquid chromatography -tandem mass spectrometry(UPLC/MS/MS); QuEChERS;
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1.2 L7k

1.2.1 PRfERIAIECH]  Sr 5 HERRFRE 9 Fh F ALY
IR IR R A FIARHE M £ 10.0 mg, FHHZEERE
100 mL, Pl sl BEHI A 100 pg/mL ARG, #5Et
JE R CHELET 4 C vkAR R, £

122 FESEOHI G SREURISL  BRERSERE G, VIR,
FHIES LS PR HOIR, TR ST, AR S AR, bric, B3t
. HETFREUEE S 10 gCHE#A = 0.001 g), BT
50 mL .08, INA 10 mL Zi&. 4 g ifigse. 1 g
SAbE. 1 g ATEEIREN . 0.5 g KPR A 4N, ~7 BV
RIR2A) 1 min J5 #8752 H 10 min, LA 8000 r/min 25
.L> 10 min, BX 5 mL _EyE R T & A 900 mg i iR EL,
200 mg PSA, 150 mg C,¢, 15 mg A 884LREAY 15 mL
B, B4 4L 1 min 5 LA 5000 r/min 85 .0
5 min, Y F3EWGE 0.22 pm SFLIERR, £ EHLIIE .
1.2.3 HERRA s - TS A 8 e SO A i
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12.6~13 min, 5%B.
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Fig.1

Ton current chromatogram of 9 strobilurin fungicides standard solution
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Table 1 Mass spectrum parameters of 9 strobilurin fungicides
=2 H b5 5 LRSI T, (min) Bl (m/z) F BT (m/z) EFEHJEDP(V) i AE R CE(eV)
1 Z- A4 e 6.84 285.1 196.3",167.1 55 22°,49
2 E- RS R R 7.12 285.1 194.2°,196.2 90 27,21
3 W P i 7.81 404.1 329.2°,344.0 56 40,34
4 JI5 v T 7.83 392.2 116.0°, 170.0 60 38", 19
5 Tk i 8.36 327.1 116.2,205.2 105 30", 12
6 W ST 8.77 368.1 1452, 115.2 110 32, 64
7 I e Pk T 9.04 388.2 163.3",149.2 55 32,43
8 Jl5 BT 9.43 409.2 186.17,206.2 74 247,47
9 M 9.44 472 145.2",205.3 88 32°,12
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PSA Fil C,q BUNMA SR BEAT BRI 2R 5256, DAAs AL oL
JInAR ENSCRSFa R, BeBUR AR &, Y4
ZE PSA iy 100 mg 5 C,3 I 100 mg i}, %A 81k
B, SR E 2 roR: JURMEA s Rl
TEAT S4B B A R 15 mg I3 H B s 78
2 A BB 15 mg, Cg i 100 mg B, %<
PSA JHig, 455 an1&l 3 Fras: MR NRSE- AL & 7E
PSA IIATRA 200 mg B H B RAE, 1 E -4
i Y5 Bk TR A [FBC3AE PSA i A E= 2l 250 mg
Bk 1 B e KA, (H L IR S 200 mg A EEAR fE AR
K, B G RNATA GEUR, vRATG Y, ORI 2 PSA N
AR 200 mg A dneAE B 23R SIS A A [ A B
b A 15 mg, PSA ILATRA 200 mg J[5%5 %5 C
PSAE I AR, IS L IR A& 4 FT7s: BRmsigime 4
A/ \FMESPIBRIEISCFEISLE C g FIIIAZE Y 200 mg
B3R B oA, TS IETE 150 A 200 mg B HAR [EIse
FAPAAIRARII ., £555 75 1B 2 Sre A PR PR 3R S0 2%
ERIIA C,g 200 mg.
23 IEXRERCIRMELTIRRE

TEAS IR G0 AT 7EFAL R 3 S g iy Bl b, 2R A A AL

HEPPAS 24 A B 50 Z TR] 1 38 EAE I RIS, D ik
AR A, s e, ARG LA BR HiE =S ik
AR [ R 8 b, A B Ak ok BR S In & (A |
Cig B (B) . PSA N (C)3 MR FEHATHLE,
FHRE 3 DA, KR 5K 2, IEAZIK
IGZER LR 3. HHER 3 "I, Z- AR R i gk
1 G R AB;Cys M M ik B 15 Y B L i AL 40 & R
ALB,Cy; Hoxy LR b & W 18 B P Ee AL 25 1F 3
A,B|C,, MEE G5 K, e Bitid bl 58 ALB,C,,
B A6 59) B T U S A7 28 Aok SR A BT &R 15 mg,
C, MITTEA 150 mg, PSA fYJTiEA 200 mg.
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AT FE R FH B BUS I 25 RN % 3 S5 AH N IR Ay
FEBTRLON P2, W RE 2 HAME S Y ESE BTV A
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Fig.2 Effect of GCB addition on recovery rate of standard addition
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Fig.3 Effect of PSA addition on recovery rate of standard addition
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Fig.4 Effect of C 4 addition on recovery rate of standard addition
*2 IEIKBNFRFE AT, S3 RIS IR BOA M . THIN BRI ZS 1 5%
Table 2 Factors and levels table of orthogonal experiment SO 5 S C TR AR TR BE ) TAEUR, BB 1.2.3 it 2%
B2 PERBEAT ST ATINRE o AU SRR AR, WA AR g 2 21
KFE A G AL B C, /i C PSATEM bR, 2zl i 5T DU e A vE th Ze Fa R AR e 28, T35
AN (mg) Hit(mg) #(mg) FEION o A IRRWIXS T HA G, 9 Fh HARE G
1 12 ;(s)g ;(5)8 FY L TRV S TE 0.48%~10.32% 2 [i], W3 4, FKH
X s 250 5o AT BT TR SR, FUAT RIS FIVE.

AR LT, o AN W6 25 S22 m IS5 1y 4l
BROHHE, MRS P TSR L R, RIS H R
FRBITARL, AR 2SR S v iy - AR, X Rl iy

T AR 2R M SE B FNAG HH R

KA S BB BCRTEAE 732, K e i 9 TAE
WHANFRTS 8925 FE5ER H BE L R e B, el s
ek TAE# (1. 5. 10, 30, 50, 80, 100 ng/mL) .

2.5

FE ROV M — VP . Z I 1.2.2 FhRE S SR DAHR B2 AR AR s, ARV, ARG TR AR PN AL AR, 21l i JoT
#3 LyGYHIERRBIH 5455
Table 3 L, (3*) Design and results of orthogonal test
AR (%)
HES A B Cc D(=H) — - - — . - . —
Z-RARNE  ERARNR W SRR BN DERRNR  MOREERER  STEEE wEER
1 1 1 1 1 90.63 92.85 68.24 80.85 83.90 76.80 84.67 72.76 74.52
2 1 2 2 2 93.87 91.07 82.09 84.63 89.44 88.23 93.21 91.07 78.49
3 1 3 3 3 98.07 92.68 72.43 85.04 87.14 75.60 81.44 71.99 71.05
4 2 1 2 3 92.47 97.64 94.14 93.05 94.27 90.07 97.49 96.03  89.98
5 2 2 3 1 94.77 91.82 82.44 78.13 84.81 76.90 91.10 81.08 79.07
6 2 3 1 2 96.57 93.53 92.95 89.02 91.35 85.93 96.95 95.13 88.86
7 3 1 3 2 96.20 93.70 94.03 92.85 93.78 88.70 95.02 96.16 88.92
8 3 2 1 3 94.10 92.61 81.82 82.97 85.13 71.57 73.44 80.92  78.90
9 3 3 2 1 94.37 95.89 75.29 79.43 83.06 76.97 68.94 86.88 78.20
Z- 5 TR E- 284 TR W TR
k; 94.19 93.10 93.77 93.26 92.20 94.73 93.00 93.52 74.25 85.47 81.00 75.32
k, 94.60 94.24 93.57 95.54 94.33 91.83 94.87 92.77 89.84 82.12 83.84 89.69
ks 94.89 96.33 96.34 94.88 94.07 94.03 92.73 94.31 83.71 80.22 82.97 82.79
R 0.70 323 2.78 2.29 2.13 2.90 2.13 1.54 15.59 5.25 2.84 14.37
T M Tk i fe I 4 R i
k; 83.51 88.92 84.28 79.47 86.83 90.65 86.79 83.92 80.21 85.19 78.10 76.89
k, 86.73 8191 85.70 88.83 90.14 86.46 88.92 91.52 84.30 78.90 85.09 87.62
ks 85.08 84.50 8534 87.02 87.32 87.18 88.58 88.85 79.08 79.50 80.40 79.08
R 322 701 1.42 9.36 3.31 4.19 2.13 7.60 522 6.29 6.99 10.73
e P T i T W i i
k; 86.44 9239 85.02 81.57 78.61 88.32 82.94 80.24 74.69 84.48 80.76 77.26
k, 95.18 85.91 86.55 95.06 90.75 84.35 91.33 94.12 85.97 78.82 82.22 85.42
ks 79.13  82.44 89.18 84.12 87.99 84.67 83.08 82.98 82.01 79.37 79.68 79.98
R 16.05 995 4.17 13.49 12.14 3.97 8.39 13.88 11.28 5.66 2.54 8.16
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Table 4 Matrix effects of target compounds in five vegetable

matrices
&Y AEHE%) %) +E(%) 3% #H(%)
Z- R TR 3.57 475 472 10.32 9.64
E- RS TR 3.34 3.17 3.55 9.83 8.56
W T iR 1.75 8.52 0.48 8.65 9.28
i3 e T 222 5.01 1.59 6.02 5.46
ik P e 2.32 435 2.14 5.48 6.15
INE S AT T 422 6.93 0.84 7.69 8.92
I A Tk PRT T 1.68 1.06 0.64 1.98 2.56
iEgesi 3.33 429 1.43 5.96 7.06
e G g 2.67 5.10 5.17 7.05 6.47

DUTC A E R R, a8 S i s o 9 R R FIAE 1~
100 ng/mL Y5 N ZME I R R AT, PeE RE(RY) Ry
0.9942~0.9995 . TE=S FALSERH #E I ToAE A TG
W IR, B2 B bGP B Nt 250 Lk
Sk 3 F 10, FAF TR H BR(LOD) A 0.05~0.3 pg/kg,
EEBR(LOQ)0.2~0.9 ng/kg.
2.6 fNFRENEFIEEE

PLAS RS B [ SR 3R T vk i vl B2, DA
5T AT 5 8 AL G AR v 22 (RS D) 6 7R 7 s NG 25 3
PN A7 R A 203 B SEAE f, A ST 19 7 15 0 3 AR &G
oo Fh HAMEEWRIEEERH W . Fra. £ 5 R

5 IFLEMEIETE, YoE RE(RD, Kl FR(LOD)
FE R FR(LOQ)
Table 5 Linear equations, coefficient of determination (R?),
LODs and LOQs of 9 compounds

H bR SR BERN ff ;f) ﬁiﬁ
2 e y=1;)?,22§z.é)15211 09991 0.15 0.50
E- 4 yZSIZ,’E;5999.§1813% X 09995 020 0.80

WA S y:le(’)j fofgg S osm o0 0.40

I e y=1§27”g§§.'3197832 T 09990 0.0 0.20

Rk yi%’fé%’é%i 09986 020 0.80

I P y=792’§i%"3967216 09968 020 0.80

L Pk 7 T yzzggfg (';_‘301253’” 0.9969 0.30 0.90
i i = 215%’,2595‘;"%?; 09942 0.08 0.30
gy YT/0929.2037xF 0900 920 0.80

180,603.8167

B 25 P 3L BT, e 48 — D AR [RIE I ZKSFE- 0 A2, $42
1.2.2 5 RSN 45, 7% 1.2.3 2545 Friml e, It
P TR AT AR 2Ry R A8 Il S FAH X AR i
MWZ= ., W2 6 Jrs, 46 2. 10 Fl 20 pg/kg =4 &%
S ZK SR, AR ER S A0 A8 3R TN A R I R A
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Table 6 Average recovery rates and RSDs (n=7)

TR EEkH % i +3T W Filgas
SRER/L (k) T T AR Y AR ¥ AR T AR
meke) (o iz BICR(%) W) IR %) EHCR(%) BE%)  EHCR%) %)
2 89.70 0.87 107.19 3.83 92.05 3.97 105.32 4.02 90.08 2.01
Z- AR 10 82.04 1.25 86.48 2.60 96.67 1.17 87.56 2.93 86.59 1.63
20 98.93 0.70 84.51 1.86 108.06 1.49 86.06 2.01 93.52 1.56
2 84.39 2.89 111.73 3.61 82.80 1.63 106.97 5.06 84.29 2.05
E- R R 10 87.63 0.46 91.69 3.64 92.29 1.33 95.21 3.59 90.64 1.32
20 97.75 1.26 88.19 1.25 93.90 2.85 90.16 1.65 86.24 1.89
2 78.66 2.75 91.83 3.37 82.61 1.75 96.19 5.43 80.08 2.56
%5 1 i 10 88.04 2.50 93.49 1.48 90.01 2.90 93.64 2.05 86.39 3.01
20 96.23 1.91 95.20 1.47 82.95 3.18 97.49 1.83 81.23 1.07
2 83.92 245 78.81 4.95 85.42 2.48 81.03 436 86.56 3.02
i 5 10 96.01 3.44 104.98 1.93 86.19 2.89 93.62 2.16 80.21 2.08
20 97.93 2.08 83.98 1.75 93.99 3.25 82.36 1.26 79.99 4.01
2 86.61 3.26 91.08 2.90 78.18 1.87 86.56 3.96 79.48 3.94
Tk e 10 84.42 237 87.64 2.95 88.66 2.42 89.65 1.52 82.16 3.06
20 96.47 1.53 83.19 1.94 90.41 138 83.30 0.98 83.26 2.95
2 81.93 0.86 93.61 3.39 78.92 3.81 95.21 3.89 77.26 3.87
W AL i i 10 89.81 2.11 83.49 2.45 80.90 1.94 86.79 2.13 79.00 2.65
20 94.69 3.88 100.64 1.77 84.82 473 93.12 1.63 81.45 1.47
2 96.30 1.71 87.00 2.66 86.95 2.70 86.45 3.66 84.26 2.58
M ik T T 10 91.83 1.37 94.53 1.73 98.05 1.83 96.63 1.42 86.93 1.69
20 97.81 1.25 101.47 2.90 92.51 2.94 85.49 2.96 90.23 2.14
2 85.23 2.65 87.51 3.03 80.87 2.87 89.29 6.59 85.95 2.36
5 e 10 86.57 1.62 93.11 1.62 91.99 4.10 86.53 421 87.49 3.94
20 97.93 0.50 95.98 3.85 81.11 1.66 86.32 3.22 84.51 4.86
2 83.28 1.29 88.44 3.32 77.76 5.40 83.21 5.32 83.12 2.73
W 10 82.20 1.69 83.68 2.10 84.13 0.73 81.08 2.96 86.98 0.91
20 94.29 1.25 83.94 1.50 93.73 2.65 79.56 3.67 91.47 1.82
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